Wide genome analysis of difference in gene expression between spermatogonial populations from 7-day-old mice and pachytene spermatocytes from 18-day-old mice was performed using Affymetrix gene chips representing , 12,500 mouse known genes or EST sequences, spanning approximately 1/3rd of the mouse genome. To delineate differences in the profile of gene expression between mitotic and meiotic stages of male germ cell differentiation, expressed genes were grouped in functional clusters. The analysis confirmed the previously described pre-meiotic or meiotic expression for several genes, in particular for those involved in the regulation of the mitotic and meiotic cell cycle, and for those whose transcripts are accumulated during the meiotic stages to be translated later in post-meiotic stages. Differential expression of several additional genes was discovered. In few cases (pro-apoptotic factors Bak, Bad and Bax), data were in conflict with the previously published stage-dependent expression of genes already known to be expressed in male germ cells. Northern blot analysis of selected genes confirmed the results obtained with the microarray chips. Six of these were novel genes specifically expressed in pachytene spermatocytes: a chromatin remodeling factor (chrac1/YCL1), a homeobox gene (hmx1), a novel G-coupled receptor for an unknown ligand (Gpr19), a glycoprotein of the intestinal epithelium (mucin 3), a novel RAS activator (Ranbp9), and the A630056B21Rik gene (predicted to encode a novel zinc finger protein). These studies will help to delineate the global patterns of gene expression characterizing male germ cell differentiation for a better understanding of regulation of spermatogenesis in mammals. q
Results and discussion
Spermatogenesis is characterized by a mitotic (spermatogonia), a meiotic (spermatocytes) and a differentiative haploid (spermatids) phase. The dissection of the mechanisms that regulate the mitotic and meiotic cell cycles in mammalian germ cells is useful for a better understanding of the molecular requirements for spermatogenesis to occur, and thus for the understanding of male sterility, which is often based on lack of spermatogonial divisions or meiotic blocks. Spermatogonia actively proliferate under the control of growth factors released by somatic cells of the seminiferous epithelium, such as Bone morphogenetic protein 4 (Bmp4), which stimulates the Alk3 receptor expressed in spermatogonial stem cells (Pellegrini et al., 2003) , and Kit Ligand (also called Stem Cell Factor), which activates the c-kit receptor expressed in differentiating spermatogonia (Sorrentino et al., 1991; Yoshinaga et al., 1991; Rossi et al., 1993; Schrans-Stassen et al., 1999; Dolci et al., 2001) .
Few informations are available on the control of the differentiation of spermatogonia into spermatocytes, i.e. their entrance into the meiotic cell cycle, which is characterized by two cell divisions and genetic exchange (crossing-over) between homologous chromosomes, and produce four haploid spermatids from each diploid progenitor cell (Roeder, 1997) . Insights into the molecular mechanisms of the progression to the metaphase of the first meiotic division have been obtained by treatment of cultured spermatocytes with okadaic acid (OA), which overcomes normal checkpoints that ensure in vivo the slow progression of the meiotic prophase. OA triggers the sequential activation of ERK1, p90Rsk2 and Nek2, thus leading to chromosome condensation and progression to metaphase with the concurrent activation of the cyclin B/cdk1 complex (Sette et al., 1999; Di Agostino et al., 2002) . The spermatids that result at the end of meiosis will then undergo spermiogenesis with the final production of mature spermatozoa. The aim of our work was to obtain a general profile of the expression pattern of genes specifically involved in the transition from the mitotic to the meiotic cell cycle and in the progression through the meiotic cell cycle.
DNA microarrays can be used to measure the expression patterns of thousands of genes in parallel, allowing to monitor changes in gene expression occurring during developmental events (Schena, 1996) . Analysis of the results obtained with the microarray technique allows the clustering of expressed genes in functional classes. We used this approach in order to identify genes specifically involved in the meiotic program and to group these genes in clusters that should give more informations about the molecular interactions required for this peculiar type of cell cycle in mammals.
We prepared complementary RNAs from two germ cell types at different developmental stages purified from testes of pre-puberal mice, spermatogonia from 7-day-old mice and spermatocytes from 18-day-old mice. The spermatogonial population obtained from 7-day-old mice (type A and B spermatogonia) is contaminated by 10% of somatic cells, whereas germ cells in the meiotic prophase are absent (Dolci et al., 2001; Pellegrini et al., 2003 ; see also Section 2). Spermatocytes obtained after elutriation from 18-day-old mice are in the middle -late pachytene stage of the first meiotic prophase (85%) and in the leptotene -zygotene stage (10%). Contamination of spermatogonia and somatic cells in the meiotic cell population is less than 5%, whereas round spermatids, which are a common contaminant of pachytene fractions when using adult testis (Sette et al., 1999; Di Agostino et al., 2002) , are absent, not being present in the immature testis used. The cRNAs prepared from the two different cell populations have been hybridized with commercially available MG-U74Av2 GeneChip probe arrays (Affymetrix Inc.), containing , 12,500 known mouse genes or EST sequences, and thus spanning approximately 1/3rd of the mouse genome. The analysis was performed on duplicate chip arrays, using cRNAs from two different cell preparations. The results of array data and the comparative analysis were very similar in the duplicate experiments ( Fig. 1 ) and are available in the supplemental data. The same data are also available online at the addresses http://www2.uniroma2.it/ricerca/ce/ absolutevaluestot.htm and http://www2.uniroma2.it/ ricerca/ce/comparativeanalysistot.htm. The files named 'Absolute Values' contain filtered raw data of the absolute analysis. Each of the five files contains data relative to , 1/5th of the targets represented in the Affymetrix MG-U74Av2 array. In the first column, the Affymetrix identification number of the target oligonucleotide probe pairs is indicated. Signal is a numeric value measuring the abundance of a transcript revealed by the duplicate arrays (C1 and C2: spermatocytes; G1 and G2: spermatogonia). Detection indicates whether a transcript is present (P), marginal (M), or absent (A) according to statistical analysis. Detection P-value indicates the significance level of detection call (P: P-value , 0.04; M: P-value between 0.04 and 0.06; A: P-value . 0.06). Descriptions contain the Affymetrix informations about the target gene. More informations about the target genes (especially those corresponding to EST sequences) can be found with the Interacting Query online facility at www.affymetrix.com. The files named: 'Comparative Analysis' contain comparison data between paired samples of spermatocytes (C2-C1), spermatogonia (G2 -G1), and between the two different cell populations in the duplicate arrays (G1 -C1 and G2 -C2). Signal log ratio indicates the change expression level for a transcript between the compared samples, and corresponds to the base 2 logarithm of the fold difference (for instance, a signal log ratio of 3, or of 2 3, indicates that the transcript corresponding to the target gene is 8-fold more abundant in the first or the second, respectively, of the two compared samples). Signal log ratio low/high represent the lower and upper limit of signal log ratio within a 95% of confidence interval. Change indicates whether the target gene expression is increased (I), marginally increased (MI), not changed (NC), marginally decreased (MD) or decreased (D) in the first vs. the second sample according to statistical analysis. Change in P-value indicates the significance level of change call (I: P-value , 0.0025; MI: P-value between 0.0025 and 0.003; NC: P-value between 0.003 and 0.997; MD: P-value between 0.0997 and 0.9975; D: P-value . 0.9975).
A positive signal (detection parameter: P in both samples) for , 3500 target sequences was obtained in spermatocytes, vs. , 5500 in spermatogonia. Comparative analysis identified , 2000 target sequences with a signal significantly higher in spermatogonia (change parameter: I in both samples), and , 700 target sequences with a signal significantly higher in spermatocytes (change parameter: D in both samples).
Between most of the targets that gave a higher signal in spermatogonia, the selective expression in this cell population was already known from published data. A limited and representative list of such genes is shown in Table 1 . We ordered these genes according to the average Signal Log Ratio parameter, which was converted in average fold difference of the signal in spermatogonia vs. spermatocytes. We also considered whether the target, besides giving a higher signal in spermatogonia, gave a positive (detection parameter: P) or negative (detection parameter: A) signal in spermatocytes. The calculation of the fold difference of the signal between the two cell populations does not take into account whether the target gene is significantly expressed or not in spermatocytes. It should be noticed that we found no X-linked genes whose expression was higher in spermatocytes with respect to spermatogonia, in agreement with the notion of the inactivation of the X chromosome during the first meiotic prophase (Kelly, 1987) . The Ott (ovary-testis transcribed) gene, a member of a mouse X-linked multigene family, was found to be expressed at very high levels in spermatogonia, whereas no significant expression was detected in spermatocytes, even though, on the basis of the observation that it was not expressed in the testes of adult sex-reversed mice lacking germ cells, it was previously reported to be expressed specifically during meiosis (Kerr et al., 1996) . Thus, it appears that this gene might play a role, if any, only in the pre-meiotic stages of differentiation. On the other hand, we confirmed the specific and strong pre-meiotic expression of Stra8 (stimulated by retinoic acid gene 8) (Oulad-Abdelghani et al., 1996) , and of Atm (ataxia Fig. 1 . Analysis of the homogeneity of microarray generated signals between duplicate samples of spermatogonia and spermatocyte cRNA probes, and comparative analysis of the divergence between spermatogonia and spermatocytes. Data represent scatter plots of (A) spermatogonia sample 1 intensities (G1) vs. spermatogonia sample 2 intensities (G2); (B) spermatocytes sample 1 (C1) vs. spermatocytes sample 2 (C2); (C) spermatogonia sample 1 (G1) vs. spermatocytes sample 1 (C1); (D) spermatogonia sample 2 (G2) vs. spermatocytes sample 2 (C2). In these scatter plots, each spot corresponds to the signal generated by a discrete Affymetrix target gene, each represented on the chip arrays by 16 specific 25mer oligonucleotide probes and by 16 one-mismatch probes. In A and in B the data fit a straight line with slope approximately equal to one and intercept near zero, demonstrating high reproducibility of the results. In C and D, the enlargement of spot distribution is very similar in both comparative analysis, and allows to define statistically significant difference in selective gene expression between the two cell populations. Red dots represent genes significantly expressed in both samples (P-value , 0.04). Blue dots genes expressed significantly only in one sample, and yellow dots genes not expressed (P-value . 0.06) in both samples. The P-values are calculated as described in the Statistical Algorithms Reference Guide by Affymetrix (see Section 2). teleangectasia mutated homolog) (Barlow et al., 1998) . Between growth factor receptors, c-kit (encoding the KL receptor) and Alk3 (encoding the Bmp4 receptor) were confirmed to be expressed in pre-meiotic stages, and not in spermatocytes (Sorrentino et al., 1991; Yoshinaga et al., 1991; Schrans-Stassen et al., 1999; Pellegrini et al., 2003) .
As expected, many of the genes selectively expressed in spermatogonia and not in spermatocytes encode proteins involved in the regulation of the mitotic cell cycle (transcription factor E2f1, cyclin-dependent-kinase-inhibitors p57 and p21, cyclin D3, cyclin B1, cyclin A2, cyclindependent-kinase 4), and replicative DNA synthesis (DNA (Sorrentino et al., 1991; Yoshinaga et al., 1991; Schrans-Stassen et al., 1999) . Essential for premeiotic spermatogenesis Kissel et al., 2000; Blume-Jensen et al., 2000; Dolci et al., 2001) (Dolci et al., 2001) polymerase a, DNA polymerase d, DNA primase), generally confirming previously published data (Dolci et al., 2001; Orlando et al., 1989) . Between genes encoding proteins involved in pro-apoptotic programs, p53 and Bax were found to be selectively expressed in spermatogonia.
The lack of Bax expression in spermatocytes, according to the microarray statistical analysis, is in partial conflict with previously published data (Yan et al., 2000, see below) . Bcl10 was found to be expressed also in spermatocytes, even though at a much lower level.
As for the targets that gave a higher signal in spermatocytes, we tried to classify them in a series of functional clusters: apoptosis/cell-cycle, chromatin/transcription, cytoskeleton/traffic, meiosis/spermatogenesis, (Tables 2 -9 ). Also in this case, we ordered these genes according to the average Signal Log Ratio parameter, which was converted in average fold difference of the signal in spermatocytes vs. spermatogonia. We also considered whether the target, beside giving a higher signal in spermatocytes, gave a positive (detection parameter: P) or negative (detection parameter: A) signal in spermatogonia, and the calculation of the fold difference of the signal between the two cell populations does not take into account whether the target gene is significantly expressed or not in spermatogonia.
For the large majority of these targets, detection of a high signal in spermatocytes by the microarray analysis confirmed data that are available in published literature or in (Yoshiura et al., 1998) 4 expression databases, indicating that our analysis faithfully reflected the actual differences in the pattern of gene expression between male mitotic and meiotic germ cells. Many of these genes encode proteins specifically involved in the control of the meiotic cell cycle, such as cyclin A1 (Table 2 ) (Liu et al., 1998) , cdk4-inhibitors p18 and p19 (Table 2 ) (Zindy et al., 2001 ), A-myb (Table 2 ) (Toscani et al., 1997) , Nek2 (Table 9 ) (Di Agostino et al., 2002) , but in many cases their expression reflects meiotic accumulation of transcripts destined to be translated later during spermiogenesis, such as testis-specific lactate dehydrogenase (Table 7 ) (Li et al., 1998) , testis-specific poly(A) polymerase b (Table 8 ) Kashiwabara et al., 2002) , calmegin (Table 9 ) (Ikawa et al., 1997) , preproacrosin (Table 5 ) (Kremling et al., 1991) , fertilin b (Table 5 ) (Cho et al., 1998) , Trf2 (Table 3 ) (Martianov et al., 2001) , MSJ-1 (Table  5 ) (Berruti and Martegani, 2001 ), Tpx1 (Table 5 ) (Kasahara et al., 1989) , Tekt1 (Table 5 ) (Larsson et al., 2000) , Tesp1 (Table 5 ) (Kohno et al., 1998) and so on. It is noteworthy that the spermatocyte-specific expression of a large number of genes encoding enzymes is involved in glycolysis and gluconeogenesis, beside that of Pgk2, encoding a well known meiotic isoform of phosphoglycerate kinase (Boer et al., 1987) (Table 7) . Thus, metabolic pathways distinct spermatogonia for a selection of these genes is shown in Fig. 2 . Northern blot analysis confirmed both qualitatively and quantitatively the data obtained by the microarray experiments. An expression pattern in partial conflict with previously published data was particularly evident for several proapoptotic members of the Bcl2 family. Bad was previously reported to be expressed in spermatogonia and in Sertoli cells, but not in spermatocytes, nor in spermatids (Yan et al., 2000) , while both microarray and Northern blot analysis showed that Bad mRNA is expressed in spermatocytes, but not in spermatogonia, nor in Sertoli cells (Table 2 and Fig. 2) . Moreover, its expression was very strong in spermatids, in which a slower migrating transcript was observed. Bak was reported to be expressed in Sertoli cells, in spermatogonia and in spermatocytes, but not in spermatids (Yan et al., 2000) , but we found a very abundant transcript only in meiotic and post-meiotic cells, and no expression in spermatogonia, nor in Sertoli cells (Table 2 and Fig. 2 ). Interestingly it has been recently reported that apoptosis-like mechanisms are required for spermatid differentiation in Drosophila (Arama et al., 2003) . An analogy between cytoplasmic apoptotic events and the formation of residual bodies has been also noticed in mammalian spermiogenesis (Blanco-Rodriguez and Martinez-Garcia, 1999) . On the other hand, Bax was reported to be expressed, besides in spermatogonia and Sertoli cells, also in spermatocytes (Yan et al., 2000) , but we found an abundant transcript in mitotic germ cells and in Sertoli cells, with the highest level of expression at 7 dpn, whereas only a very faint signal was detectable in spermatocytes (Table 1 and Fig. 2) .
Chrac1 (chromatin accessibility complex 1, also named Ycl1) is a histone-fold protein that interacts with other histone-fold proteins to bind DNA in a sequence-independent manner. These histone-fold protein dimers combine within larger enzymatic complexes for DNA transcription, replication, and packaging (Bolognese et al., 2000) . Chrac1 mRNA was found to be very abundant in spermatocytes (Table 3 and Fig. 2) , suggesting that it might be involved in chromatin remodeling during the first meiotic prophase. This might help to regulate changes in gene expression patterns that characterize specific developmental events during spermatogenesis.
In the cluster of membrane-bound proteins and receptors, microarray analysis revealed the unexpected expression of Cytokine receptor-like factor 1 Crlf1 Present in spermatogonia. Soluble cytokine receptor subunit or part of a cytokine responsive complex, possibly playing a regulatory role in the immune system and during fetal development the transcript encoding mucin3, a protein known to be specifically expressed in the colon epithelium (Table 6) . Northern blot analysis confirmed high levels of expression of mucin3 mRNA in spermatocytes, and, at a lesser extent, in spermatids (Fig. 2) . Interestingly, another component of the mucosal glycocalyx, contributing to anti-adhesive and protective cell functions, mucin1, has been reported to be expressed in maturing germ cells of the human testis (Franke et al., 2001) , and a mucin glycoprotein was found to be an universal constituent of stable intercellular bridges in the Drosophila melanogaster germ line (Kramerova and Kramerov, 1999) . Few receptors for potential growth factors were found to be expressed in spermatocytes through the microarray analysis. One of these was Gpr19 (O'Dowd et al., 1996) , a seven transmembrane G-coupled receptor for an unknown ligand (Table 6 ). Northern blot analysis showed an high abundance of the Gpr19 transcript in spermatocytes, a lower level of expression in spermatids, while a faint band was observed in spermatogonia from 7-day, but not 4-day-old mice ( Fig. 2) . This receptor might thus play a role in the regulation of meiotic entry and/or meiotic progression. The gene encoding Ranbp9 (Ran binding protein 9), a protein shown to be a positive regulator of Ras function (Wang et al., 2002) , was found to be highly expressed in spermatids, with a complex migratory pattern, but the signals were evident also in spermatocytes, implying its possible involvement in the regulation of the Ras/MEK/ERK cascade during the transition through the meiotic divisions and/or the morphogenetic events of spermiogenesis (Table 9 and Fig. 2) .
Finally, in the cluster of transcription factors (Table 3 ) we confirmed through Northern blot analysis the selective germ cell expression starting from the meiotic stage of Hmx1, a homeodomain gene previously not known to be expressed during spermatogenesis (Yoshiura et al., 1998) , and of a transcript corresponding to RIKEN cDNA A630056B21Rik (Affymetrix target 99987_at in the MGU74Av2 array) predicted to encode a novel zinc finger protein (Fig. 2) . These transcription factors might play an important role in driving the spermatogenic program. As in the case of Ranbp9, the signal generated by the 99987 target in Northern blots was rather complex: this might be due to either the presence of multiple alternative transcripts, or to cross-hybridization with closely related RNAs.
Even though, recently, an initial microarray screen of spermatogenic cells at different developmental stages has been reported (Yu et al., 2003) , only 1176 mouse target genes were represented in these arrays. We noticed partial overlapping of our data with the ones published by Yu et al. (2003) , but also some discrepancies were evident: for instance, cyclin D3 was reported to be not expressed in spermatogonia, but present in spermatocytes. One should note that we used oligonucleotide based DNA chips, in which each gene is represented by 16 couples of probes and mismatch probes, whereas in the gene arrays used by Yu et al. each target gene is represented by a single longer oligonucleotide, making the possibility of cross-hybridization easier and hindering the statistical evaluation of the generated signals (see also Section 2). In conclusion, our results represent a first extensive attempt to delineate the global patterns of gene expression characterizing male germ cell differentiation, and should be extended to other germ cell types, namely spermatogonial stem cells and spermatids.
Experimental procedures

Cell preparations
Germ cell populations highly enriched in mitotic spermatogonia were obtained as previously described from testes of 4-7-day-old mice Pellegrini et al., 2003; Dolci et al., 2001 ). Briefly, germ (Wang et al., 2002) cell suspensions were obtained by sequential collagenasehyaluronidase -trypsin digestions of freshly withdrawn testes. A 3 h period of culture in E-MEM additioned with 10% FCS was performed to facilitate adhesion of contaminating somatic cells to the plastic dishes. At the end of this pre-plating treatment, enriched mitotic germ cell suspensions were rinsed from FCS. Purity of 7 dpn spermatogonia was about 90% after the pre-plating treatment, whereas a 50% enrichment was obtained for 4 dpn spermatogonia. The homogeneity of the cell populations was assessed through both morphological criteria and by specific immunostaining with antibodies directed against three specific markers of mitotic germ cells, which are not expressed in testicular somatic cells (Smad5, Alk3 and c-kit). Homogeneous populations (purity . 90%) of spermatocytes and round spermatids were obtained from testes of either 18-day-old or 36-day-old mice, respectively, by differential elutriation as previously described (Sette et al., 1999; Di Agostino et al., 2002) . Spermatocyte populations from 18-day-old mice (10% at the leptotene -zygotene and 85% at the middle-late pachytene stage of the meiotic prophase) are devoid of round spermatids, which contaminate elutriation fractions from adult animals, and their purity was assessed through morphological criteria (namely, cell size and the characteristic aspect of partially condensed meiotic chromatin). Sertoli cell monolayers from 7 to 17-day-old mice, devoid of contaminating germ cells, were prepared as previously described .
2.2. RNA extraction, cDNA and cRNA preparation RNA was purified by adding cold Trizol reagent (Invitrogen) to freshly prepared cell samples and extracted according to the manufacturer's instructions.
Total cellular RNA (25 mg) was used to synthesize cDNA using the cDNA Synthesis Kit (Life Technologies BRL 11917-010) and T7-(dT) 24 oligonucleotide (5 0 -GGCCAGTGAATTGTAATACGACTCACTATAGG-GAGGCGG-(dT) 24 -3 0 ) according to manufacturer's instructions. Second strand cDNA was synthesized by adding 10 U of DNA ligase, 40 U of DNA polymerase and 2 U of RNaseH and incubating at 16 8C for additional 2 h. At the end of the incubation, 20 U of T4 DNA polymerase were added to the reaction and incubated for 5 min at the same temperature. Reactions were stopped by adding EDTA (30 mM final concentration). Double stranded cDNA was purified by phenol/chloroform extraction followed by precipitation with 0.5 volumes of 7.5 M ammonium acetate and 2.5 volumes of ethanol and its concentration measured by optical densitometry.
Complementary RNA (cRNA) synthesis was performed using the Essential ENZO kit (Bioarray High Yield TNA transcription kit 900182) and following manufacturer's instructions. The resulting cRNA was purified using QIAGEN Rneasy spin columns (74103) and the standard procedure. RNA was then precipitated as described above Fig. 2 . Germ cell-type-specific expression of a selection of genes identified by Affymetrix microarray hybridizations was verified by Northern blot analysis, using 10 mg of total RNA for each indicated testicular cell type. The representative top panel shows ethidium bromide staining, indicating that RNA loading was qualitatively and quantitatively comparable for each sample. Specific labeled gene probes for hybridization were obtained by nick translation of RT-PCR amplified cDNAs, as indicated in Section 2. These Northern blots are representative of at least two experiments, which gave similar results.
for cDNA, resuspended in 15 ml of RNase-free H 2 O and quantified by optical densitometry. cRNA was then fragmented in a Tris-acetate buffer (200 mM, pH 8.1) containing 500 mM KOAc and 150 mM MgOAc by incubation at 94 8C for 35 min. At the end of the incubation, fragmented cRNA was stored at 2 80 8C until hybridization.
DNA microarray analysis
cRNA samples from two independent cell preparations were used for hybridization to duplicate mouse MG-U74Av2 microarray sets from Affymetrix. This array represents approximately 12,500 murine genes or EST sequences. In each array, target genes are represented by 16 pairs (exact match and single base mismatch) of 25-mer oligonucleotides for each gene. The signals of the pairs are compared to assess specificity of hybridization, thus, beside the intensity of the signal, its statistical significance can be estimated. Biotinylated cRNA (15 mg) was hybridized to the array and then processed following the standard Affymetrix protocol. Phycoerythrin-coupled avidin bound microarrays were scanned with a HewlettPackard Gene Array Scanner (Hewlett-Packard Co., Palo Alto, CA), and the results were analyzed using the Affymetrix MAS5 statistical algorithm. For more informations about the statistical analysis, see the Affymetrix Statistical Algorithms Reference Guide at http://www. affymetrix.com/support/technical/technotes/statistical_ reference_guide.pdf.
Target genes represented in the MG-U74Av2 Affymetrix chips were grouped in several functional clusters by using specific keywords with the Interacting Query online facility at www.affymetrix.com.
RT-PCR preparation of probes and Northern blot analysis
cDNA probes for Northern blot hybridization of total RNAs were prepared by RT-PCR amplification of selected mRNAs, by using specific oligonucleotide primers designed on the basis of the sequence of the corresponding Affymetrix target genes. Specificity of the primers was previously controlled through BLAST analysis (http:// www.ncbi.nlm.nih.gov/blast/). The couples of primers used were: TAGCCCTTTTCGAGGACGCTCG and TGGAGCCTCCTTTGCCCAAGTT (for Bad, amplification product 220 bp); AGTTGGCTCTCAAGGAT-GGCTT and TCGTTGCACTGACAGAATCTTC (for Bak1, 229 bp); ACCAAGAAGCTGAGCGAGTGT and TCCAGCCCATGATGGTTCTGAT (for Bax, 253 bp); ATCTGGAGAATAGGCACGGACG and CCGA-AATGCCCACATAGTTTCT (for gpr19, 378 bp); TGCTCTACAGTGTACCGGACAG and CAGCACTCTG-TACTGTCCCTTG (for hmx1, 291 bp); GACTCTGT-GTACAACACCTTCC and GCCCTTGTAAAGACAGA TGGTC (for mucin3, 524 bp); CAAATTGG-GAGCTGTTCCGACC and CTACAACAGAAGT-CATCTGTAG (for Ranbp9, 267 bp); TGTGTAGCCG GGAGTTTGGTA and TGAAAACGGACTCCG-CACTCCT (for A630056B21Rik, 357 bp). The cDNA probe for Chrac1 was kindly provided by Prof. Roberto Mantovani (University of Milan).
cDNAs were labeled by random priming with a 32 PdNTPs and hybridized using standard conditions to blotted total RNA samples. After stringency washes, blots were exposed overnight at 2 80 8C with intensifier screens for autoradiography.
